T h e v a r i a n t s a n n o t a t e c o m m a n d t a k e s a V  C  F  c  o  n  t  a  i  n  i  n  g  s  o  m  a  t  i  c  v  a  r  i  a  n  t  c  a  l  l  s  a  n  d  a  G  T  F  o  f  t  r  a  n  s  c  r  i  p  t  o  m  e  a  n  n  o  t  a  t  i  o  n  s  a  s  i  n  p  u  t  .  R  e  g  T  o  o  l  s  d  o  e  s  n  o  t  h  a  v  e  a  n  y  p  a  r  t  i  c  u  l  a  r  p  r  e  f  e  r  e  n  c  e  f  o  r  v  a  r  i  a  n  t  c  a  l  l  e  r  s  o  r  r  e  f  e  r  e  n  c  e  a  n  n  o  t  a  t  i  o  n  s  .  E  a  c  h  v  a  r  i  a  n  t  i  s  a  n  n  o  t  a  t  e  d  w  i  t  h  k  n  o  w  n  o  v  e  r  l  a  p  p  i  n  g  g  e  n  e  s  a  n  d  t  r  a  n  s  c  r  i  p  t  s  a  n  d  i  t  s  p  u  t  a  t  i  v  e  s  p  l  i  c  i  n  g  r  e  l  e  v  a  n  c  e  b  a  s  e  d  o  n  p  o  s  i  t  i  o  n  r  e  l  a  t  i  v  e  t  o  k  n  o  w  n  e  x  o  n  s  ,  w  h  i  c  h  w  e  c  a  l  l  t  h  e  "  v  a  r  i  a  n  t  t  y  p  e  "  .  T  h  e  v  a  r  i  a  n  t  t  y  p  e  a  n  n  o  t  a  t  i  o  n  d  e  p  e  n  d  s  o  n  t  h  e  s  t  r  i  n  g  e  n  c  y  f  o  r  s  p  l  i  c  i  n  g  -r  e  l  e  v  a  n  c  e  t  h  e  u  s  e  r  s  e  t  s  t  h  r o  n  i  c  "  ,  o  t  h  e  r  i  n  t  r  o  n  i  c  v  a  r  i  a  n  t  s  s  i  m  p  l  y  a  s  "  i  n  t  r  o  n  i  c  "  ,  a  n  d  o  t  h  e  r  e  x  o  n  i  c  v  a  r  i  a  n  t  s  s  i  m  p  l  y  a  s  "  e  x  o  n  i  c  "  a  n  d  c  o  n  s  i  d  e  r  s  o  n  l  y  "  s  p  l  i  c  i  n  g  i  n  t  r  o  n  i  c  "  a  n  d  s  p  l  i  c  i  n  g  e  x  o  n  i  c  "  a  s  i  m  p  o  r  t  a  n  t  .  T  o  a  l  l  o  w  f  o  r  d  i  s  c  o  v  e  r  y  o  f  a  n  a  r  b  i  t  r  a  r  i  l  y  e  x  p  a  n  s  i  v  e  s  e  t  o  f  v  a  r  i  a  n  t  s  ,  R  e  g  T  o  o  l  s  a  l  l  o  w  s  t  h  e  u  s  e  r  t  o  c  u  s  t  o  m  i  z  e  t  h  e  s  i  z  e  o  f  t  h  e  e  x  o  n  i  c  /  i  n  t  r  o  n  i  c  w  i  n  d  o  w  s  i  n  d  i  v  i  d  u  a  l  l  y  (  e  .  g  .  -i  2  0  -e  5  f  o  r  i  n  t  r  o  n  i  c  v  a  r  i  a  n  t  s  2  0  b  p  f  r  o  m  a  n  e  x  o  n  e  d  g  e  a  n  d  e  x  o  n  i  c  v  a  r  i  a  n  t  s  5  b  p  f  r  o  m  a  n  e  x  o  n  e  d  g  e  )  o  r   c  o  n  s  i  d  e  r  a  l  l  e  x  o  n  i  c  /  i  n  t  r  o  n  i  c  v  a  r  i  a  n  t  s  a  s  p  o  t  e  n  t  i  a  l  l  y  s  p  l  i  c  i  n  g  -r  e  l  e  v  a  n T  h  e  c  i  s  -s  p  l  i  c  e  -e  f  f  e  c  t  s  m  o  d  u  l  e  c  o  n  t  a  i  n  s  t  h  e  i  d  e  n  t  i  f  y  c  o  m  m  a  n  d  w  h  i  c  h  i  d  e  n  t  i  f  i  e  s  p  o  t  e  n  t  i  a  l  s  p  l  i  c  e  -a  l  t  e  r  i  n  g  v  a  r  i  a  n  t  s  f  r  o  m  t  u  m  o  r  s  eu  e  n  c  i  n  g  d  a  t  a  .  T  h  e  f  o  l  l  o  w  i  n  g  a  r  e  r  eu  i  r  e  d  a  s  i  n  p  u  t  :  a  V  C  F  f  i  l  e  c  o  n  t  a  i  n  i  n  g  v  a  r  i  a  n  t  c  a  l  l  s  ,  a  B  A  M  f  i  l  e  c  o  n  t  a  i  n  i  n  g  a  l  i  g  n  e  d  R  N  A  -s  eu  e  n  c  i  n  g  r  e  a  d  s  ,  a  r  e  f  e  r  e  n  c  e  g  e  n  o  m  e  F  A  S  T  A  f  i a, By default, variants annotate marks variants within 3bp on the exonic side and 2bp on the intronic side of an exon edge as potentially splicing-relevant. This "splicing window" can be modified individually for the exonic side and intronic side using the "-e" and "-i" options, respectively. With cis-splice-effects identify , for each variant in the splicing window, a variant region is determined by finding the largest span of sequence space between exons which flank the exon associated with the splicing-relevant variant. The variant region can also be set manually to contain the entire sequence space n bases upstream and downstream of the variant using the "-w" option. Junctions overlapping the variant region are associated with the variant. Using the -E option considers all exonic variants as potentially splicing-relevant, but is otherwise the same. The -I option considers all intronic variants and also limits the variant region to the intronic region in which the variant is found, excluding the flanking exons. b, Cis-splice-effects identify and the underlying junctions annotate command annotate splicing events based on whether the donor and acceptor site combination are found in the reference transcriptome GTF. In this example, there are two transcripts (shown in blue) which overlap a set of junctions from RNAseq data (depicted as junction supporting reads in red). Comparing the observed junctions to the reference junctions in the first transcript (top panel), RegTools checks to see if the observed donor and acceptor splice sites are found in any of the reference exons and also counts the number of exons, acceptors, and donors skipped by a particular junction. Double arrows represent matches between observed and reference acceptor/donor sites while single arrows show novel splice sites. These steps are repeated for the rest of the relevant transcripts, keeping track of whether there are known acceptor-donor combinations. Junctions with a known acceptor but novel donor or vice-versa are annotated as "A" or "D", respectively. If both sites are known but do not appear in combination in any transcripts, the junction is annotated as "NDA", whereas if both sites are unknown, the junction is annotated as "N". If the junction is known to the reference GTF, it is marked as "DA". c, The cis-splice-effects identify command relies on the variants annotate , junctions extract , and junctions annotate submodules. This pipeline takes variant calls and RNA-seq alignments along with genome and transcriptome references and outputs information about novel junctions and associated potential cis splice-altering sequence variants. RegTools is agnostic to downstream research goals and its output can be filtered through user-specific methods and thus can be applied to a broad set of scientific questions.
Fig. 2: VEP comparisons.
a, Variants determined as significant based on the outlier method were annotated using VEP with the "pick" and "per_gene" options. Only "pick" results were shown here, though both modes produced similar results. Stacked bars represent the percentage of total VEP annotations for each splicing window size across all variants discovered in each cohort. Blocks showing splicing-relevant annotations are highlighted with a black border. Annotation consequences are based on VEP consequences but similar annotations have been consolidated for clarity ({3_prime_UTR_variant, 5_prime_UTR_variant} → UTR_variant; {inframe_insertion, inframe_deletion} → inframe_indel; {splice_donor_variant, splice_acceptor_variant} → splice_variant; {mature_miRNA_variant, coding_sequence_variant, frameshift_variant, intergenic_variant, NMD_transcript_variant, non_coding_transcript_exon_variant, regulatory_region_variant, start_lost, start_gained, stop_lost, stop_gained, TF_binding_site_variant, protein_altering_variant} → other). b, Initially, in the default splicing window size, only a small portion of variants identified using the outlier method are not annotated as splicing relevant by VEP. However, as we extend the scope of our discovery, VEP quickly begins to miss potentially important splicing-relevant variants. c, Variant counts are displayed in overlaying bars (values scaled by log10). Cis-splice effects identify produces a large number of ostensibly false positive calls which must be narrowed down by downstream filtering methods. Using VEP as a downstream filter is not particularly helpful as it over-calls in the smaller splicing windows (i2e3 and i20e5) and under-calls in the larger ones. The outlier method provides a more consistent level of filtering which simplifies downstream analysis.
